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1 
Thts invention relates to a turbine wheel" and to 
a turbine bucket and has for one object to pro- 
vide a turbini buckit. 
Another object is to providi a turbine wheel 
so arranged that the velocity of the wheel itself 
tends to hold the buckets in place as centrifugal 
force increases. 
Other objects will appiar from Mme to rime in 
the course of the specification and claires. 
Thi invention is illustrated more or less dia- 
grammatically in the accompanying drawings 
wherein: 
Figure 1 is an elevation of a blank for one 
form of bucket; 
Figure 2 is an end viiw of the blank of Fig- 
ure 1; 
Figure 3 is a side elevation with parts broken 
away and parts in section iHustrating the bucket 
after formation; 
Figure 4 is a section taken at line 4--4 of Fig- 
ure 3; 
Figure 5 is a section taken at line 6--6 of Fig- 
ure 3; 
Figure 6 is a top plan view of the bucket of Fig- 
ures 3, 4 and 5; 
Figure 7 is a perspecive view of a completed 
bucket; 
Figure 3 is an elevation similar to Figure 6 
showing a modified form of bucket; 
Figure 9 is a section taken at line 9--9 of Fig- 
ure 8; 
Figure I0 is a side view with parts broken away 
and parts in section illustrating a turbine wheel 
to which have been applied the buckets of either 
of the previous forms; 
Figure 11 is a section on the line ! |--| | of Fig- 
ure 10; 
Figure 12 is a plan view with parts broken away 
illustrating one form of bucket retaining ring; 
Figure 13 is a side elevation of the ring of Fig- 
ure 12; 
Figure 14 is a section on an enlarged scale 
taken at line |4--|4 of Figure 12; and 
Figure 15 ts a section taken on an enlarged 
scale at line |6--|6 of Figure 12. 
Like parts are indicated by like symbols 
throughout the specification and drawings. 
In the particular form here shown the buckets 
are illustrated as being formed in two manners. 
As illustrated in the first seven figures the bucket 
is formed of tubing. As illustrated in Figures 8 
and 9 it is formed of sheet material. The form 
of the first seven figures will first be described. 
A piece of seamless tubing | of suitable length 
forms the blank for a bucket. Portions are cut 
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2 
away to provide tongs 2 and the tongs are curled 
or bent toward the body of the remaining portion 
of the tube to form the ears 3. That portion of 
the tube which is to form the bucket proper is 
5 given the contour illustrated in Figures 4 and 5 
in section and as shown the tubular member bas 
been shaped to provide a trough-like depression 
4 and the enlargement or bulge 6. 
The invention is not Iimited to the particular 
10 contour or shape of bucket shown .and a bucket 
might be ruade in many different forms without 
departing from the spirit of the invention. The 
bucket is hollow from end to end although this is 
not essential. Where ventilation or cooling of 
15 the bucket is provided it is advantageous to bave 
the bucket hollow. 
In the modlfied form of Figures 8 and 9 the 
bucket bas substantially the saine contour and 
shape as that shown in the earlier figures but 
20 instead of being formed of the tube it is formed 
of a sheet of material. As formed there are ex- 
tensions 6 from the main body of the bucket and 
the extensions are shaped or bent to provide ears 
1. A depression or trough-like portion .6 is 
25 formed in the bucket and along this portion the 
two edges of the material meet and may be 
welded as at 9 or otherwise secured together. A 
bulge or enlargement I is formed of the mate- 
rial. 
30 In the formation of a turbine wheel a .pluraltty 
of buckets ruade according to either of the forms 
illustrated in the first nine figures is arranged 
about the periphery of the wheel. The buckets 
are first arranged about a ring || whtch bas a 
35 reduced portion |. The portion | is so shaped 
that the buckets fit snugly over it with their bot- 
tom portions against the periphery of the re- 
duced portion |2 .and thetr respective ears against 
the shoulder | formed between the portion |2 
40 and the ring ||. Ring like members |4 which 
may be of any desired form or shape are posi- 
tioned about the ring || and the ears 3 or  are 
bent over them into the form shown in Figure 11. 
The ring like members |4 may preferably be 
45 wires or rods which bave been given circular 
shape and they may be endless if desired, or they 
need not be. When the bucket are positioned 
upon the ring | | the ring itself is .positioned be- 
tween two wheel members. These in the particu- 
50 lar form shown constitute a member |6 having 
an inwardly directed fiange |6 and a member | 
having a corresponding inwardly directed fiange 
|9. The member | may be perforated as at |9 
for cooling or ventilation if desired. The two 
55 wheel members |6 and | are preferably secured 



601969 

3 
together in any desU'ed manner. As shown, they 
are held together by rivets 28. A wheel may be 
secured to a hub 21 by screws 22, or otherwise. 
A shaît 23 is secured to the hub .| in any desired 
bru.armer. 
In the assemb!y the parts are so proportioned 
that the flanges t6 and t8 fit closely against the 
ears 3 and also fit closely against the portions 
2 or  of the buckets so as to press them against 
the reduced portion ]2 of the ring  ]. The ring 
] is itself not positively secured to any part of 
the wheel and is confined solely by the bucket 
anchors 2,  or , ], wch  turn are coned 
by fianges t and ]8 and wheeI members { and 
[]. en the wheeI is in use and rotating at 
high velocity, the ring , ï2 has a tendency to 
expand under the influence of centrifugaI force. 
The fianges  and { also tend to expand under 
the influence of centrifugal force. However, un- 
like the ring  ],  2 these fianges «re restrained by 
the solid dc members {5 and IL The fianges 
thus expand less than the ring {{, {2 and sup- 
port a large p8rcentage of the centrîfugal load 
imposed upon the wheel through the buckets 2 
and  or  and ] and the ring members 
This tendency results in an increased conïpres- 
sion on the ears  or ] and upon the retaining 
wire members . us as rotatîon increases 
and centrifugal force wch would norma!ly tend 
to throw the bucket out of the wheel is increased, 
the ring expands suciently fo increase the com- 
pression on the ears  or  of the buckets and thus 
additionally fo hold them in place. Means are 
thus provided for gripping the buckets nïore 
tightly in the wheel at the exact rime when the 
tendency to throw them from the wheel is in- 
creased. 
For some purposes it is desirable fo provide 
means for ventflating or coofing the turbine 
Wheel and if is ïor ts pupose that the holes or 40 
perforations {9 are formed in the wheel member 
. To provide a path ior cooling material to 
reach the buckets themselves the rg construc- 
tion is mofied from that shown in Figures 10 
and 11. is modified construction appears in 45 
Figures 12 to 15, inclusive. As there shown, the 
ring comprises two annular memrs 2 and 
having respectively reduced portions 2 and 
The portion 25 is provided with a shoulder 
and the portion 2 is provided with a depression 50 
3B into which the shoulder fits. The members 
2 and 2 when «ssembled together, as shown 
generally in Figures 12 and 13 and in detafl in 
Figures 14 and 15, are then assembled between 
the plate  and ] in the manner in which the 
ring  is sho in gure 11. The portions 
of the buckets are engaged about the wires 
in the manner as shown  Figure 11, and the 
sembly in a finished wheel is the saine os that 
shown in Figure 11. The passages formed by the 60 
grooves 32 and  are tubular, as shown in Figures 
13, 14 and 15, particularly, and commucate with 
the peripheral groove  to provide for ventila- 
tion. 
A peripheral groove l may be formed in the 
two ring poions 2 and 2. Th groove is 
aligned with the bottom of the buckets and in 
conïnïunication with the hotlow interior of each 
bucket. Each of the ring portions 2 and 2 is 
provided with grooves. The grooves in the por- 
tion 2 are numbered 2 and those in the portion 
2 are numbered 33. Together they provîde 
radial or outwardly extending perforations or 
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12 to 15, inclusive, cooling fluid whîch reaches the 
wheel portion [7 passes through the perforations 
or openings 19 to the space defined between the 
wheel nïenïbers ! 5 and  7. Thence it nïoves out- 
5 wardty through the perforations fornïed by the 
grooves 32 and 3 and reaches the annular groove 
[ and so s-discharged to and passes through 
trie buckets. In nïost situations in which a 
turbine wheel such as that shown is tobe nïount- 
l0 ed or used, one side of the wheel is positioned 
so that a cooling fiuid nïay be discharged against 
it and this fiuid, when the ring construction of 
Figures 12 t 15 is present, passes to and into the 
wheel and outwardly through the peripheral 
15 buckets. Centrifugal force is effective to nïove 
the fiuid and other forces such as suction pres- 
ont about the wheel nïay atso assist in this nïove- 
nïent.. The invention is, of course, not linïited 
to the presence of nïeans for coo!ing or ventflat- 
20 ing the bucket. 
Althdugh we have shown an operatîve ïornï of 
out invention, it wfll be recognized that nïany 
changes in the fornï, shape and arrangement of 
pms can be ruade without departing fronï the 
25 spirit of the invention, and out showing is there- 
fore to be taken as, in a sense, diagranïmatic. 
The use and operation of the invention are 
as follows: 
The buckets of either of the îorms shown are 
preferably nïade of nïetal atthough they nïight be 
nïade of other materials. The choice of nïaterial 
wilt depend largety upon the use to which the 
wheel is to be put, the speed at which if is to 
operate and the prope!ling fiuid with which it is 
tobe used. However, as the buckets are nïade 
they are provided with the extensions 2 or  and 
with the ears  or 7. A suitable nunïber of 
buckets is then positioned upon a ring either as 
shown upon the ring ! ! or upon the ring shown 
in the latter figures. The buckets fit snugly about 
the reduced portions of the ring and are held 
in place by the menïbers la about which the ears 
 or  are bent. The ring with the ears.upon it 
is then assenïbled between two wheel nïembers 
and proportions of the parts are such that the 
ears are gripped tightly between the shoutders 
fornïed at the reduced portion ! and the in- 
ward]y bent fianges 8 and  of the wheel nïenï- 
bers. When the wheel nïenïbers are then fas- 
tened together the buckets are additionally held 
in place. 
The ring construction of Figures 12 to 15 1ends 
itself equally wetl fo the nïethod of assembly and 
securing just described. The buckets are posi- 
tioned over the reduced portion fornïed by the 
nïenïbeïs -7 and 28. 
When the bucket and wheel construction fllus- 
trated is embodied in a turbine, propelling fiuid 
is discharged against the buckets and the wheel 
is revolved. As the wheel revolves rapidly, cen- 
trifugal force is developed with increasing speed 
of rotation and a tendency to throw the buckets 
outwardly develops. Before this tendency de- 
ve!ops to dangerous proportions, the same cen- 
trifuga! force is effective upon the rîng ! and 
tenàs to stretch or spread it suiliciently to cause 
it o yîeId outwardly slightly and to exert an 
added compression upon the ears 3 or  of the 
buckets. This forces these parts with increas- 
ing pressure against the mm'e highly restraineà 
fianges t and I a, and tlaerefore the centrifugal 
force which in one sense tends fo throw thê 

passages, buckets away fronï the wheel, in another sense 
By nïeans of the ring construction of Figures 75 $ets up a condition which additionally and in- 
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creaSingly tends to hold the buckets tighter and 
tighter as the speed of rotation increases. 
The structure of this invention comprises not 
merely a useful bucket and wheel construction 
but provides a bucket and wheel construction 
which in itself is so fo speak self-tightening un- 
der conditions of use. 
Vre clairn: 
1. ïn combination in a turbine wheel, a shoul- 
dered ring, a pinrality of buckets provided with 
portions adapted to fit over said ring and 
against said shoulder, and a p]urality of mem- 
bers extending around said ring and engaging 
said buckets, and a pair of members positioned 
fo embrace said ring fo hold said buckets there- 
on, said ring being free in said embracing 
members. 
2. In combination in a turbine wheel, a main 
wheel body shaped to provide a cavity adjacent 
its periphery, and fo provide a continuous pe- 
l"ipheral opening therefrom, the width of said 
opening being less than the major width of said 
cavity, and a bucket-retaining ring positioned 
for movement within said cavity, the maximum 
thickness of said ring being greater than the 
width o.f said opening, and a pinrality of buckets 
positioned on said ring, each bucket being pro- 
vided with members extending inside of said 
cavity, nd retainers within said cavity, said 
bucket members being engaged about them. 
3. In combination in a turbine wheel, a main 
wheel body shaped to provide a cavity adjacent 
ifs periphery, and to provide a continuous pe- 
ripheral opening therefrom, the width of said 
opening being less than the major width of said 
cavity, and a bucket-retaining ring positioned 
freely partly in said cavity and partly in said 
opening, the maximum width of said ring being 
eater than the width of said opening, and a 
plurality of buckets positioned on said ring, each 
bucket being provided with members extending 
inside of said cavity, and retainers within said 
cavity, said bucket members being engaged about 
them. 
4. In 'combination in a turbine wheel, a main 
wheel body shaped to provide a cavity acLjacent 
its periphery, and to provide a continuous pe- 
ripheral opening thereïrom, the width of said 
opening being less than the major width oï said 
cavity, and a bucket-retaining ring pesitioned 
within said cavity, the maximum width of said 
ring being greater than the width of said open- 
ing, and a pinrality of buckets positioned on said 
ring, each bucket being provided with members 
extending inside of said cavity, and retainers 
within said cavity, said bucket members being 
engaged about them, said ring being free fo 
more outwardly with respect to said wheel, and 
thereby to hold the buckets against the re- 
tainers. 
5. In combination in a turbine wheel, a main 
wheel body shaped fo provide a cavity adjacent 
its periphery, and to provide a continuous pe- 
ripheral opening therefrom, the width of said 
opening bing less than the major width of said 
cavity, and a bucket-retaining ring positioned 
parly in said cavity and partly in said opening, 
the maximum width of said ring being greater 
than the width of said opening, and a plurality 
of buckets positioned on said ring, each bucket 
bing provided with members extending inside 
of said caity, and retainers within said cavity, 
said bucket members being engaged about them, 
said ring being free to move outwardly with re- 

spect to said wheel, and thereby to hold the 
buckets against the retainers. 
6. In combination in a turbine wheel, a' main 
wheel body shaped to provide a cavity adjacent 
5 its periphery, and fo provide a continuous pe- 
ripheral opening therefrom, the width of said 
opening being less than the major widtk, of 
said cavity, and a buclet-retaining ring Posi- 
tioned within said cavity, the maximum width 
10 of said ring being greater than the width of said. 
opening, and a plurality of buckets pesitioned on 
said ring, each bucket being provided with mem- 
bers extending inside 0f said cavity, and re- 
tainers within said cavity, aid bucket members 
1 being engaged about them and extending away ' 
from said pelphera] opening. 
7. In c,ombination ina turbine wheel,, a main 
wheel body shaped to provide a cavity adjacent 
its periphery, and to provide a continuous pe-. 
ripheral opening therefrom, the width of said 
0 opening being less than the major width ofsaid 
cavity, and a bucketretaining ring positioned 
partly in said cvity and partly in said open- 
ing, the maximum width of said ring being 
 greater than the width of said opening, said ring 
being provided with shoulders, and a plurality 
of buckets positioned on said ring, each bucket 
being provided with members extending inside 
of said cavity, and retainers within said cavity, 
said bucket members being engaged about them 
$0 and being seated in said shoulders, said ring be- 
ing free fo move outwardly with respect fo said 
wheel, and thereby to hold the buckets against 
the retainers. 
8. In combination in a turbine wheel, two main 
$$ wheel members having inwardly directed fianges 
spaced from each other, a bucket-retaining ring 
pesitioned in part between said members and 
pro.jecting through the space between said 
flanges, a portion of said ring being of greater 
g0 thickness than the space between said flanges, 
and a plurality of buckets positioned on said 
ring, said buckets provided with members em- 
bracing the periphery of said ring and extending 
into the space between said wheel parts, said 
 ring being free for movement with respect fo 
said wheel members. 
9. In a turbine wheel, a bucket clamping cou- 
ple incinding a pair of clamping members 
cinding axially overlapping portions defining 
0 clamping surfaces opposed radially with respect 
fo the wheel axis, bucket members, each includ- 
ing an anchoring portion disposed between the 
clamping surfaces of said clamping members, 
and means for holding said clamping members 
5 in clamping engagement with said anchoring 
portion of said buckets, one of said clamping 
members incinding a portion which is movable 
toward the other clamping member under the 
action of centrifugal force, thereby to increase 
60 the gripping force on said anchoring portion of 
the bucket members when the wheel is rotated. 
1O. In a turbine wheel, a bucket clamping cou- 
ple incinding a pair of clamping members in- 
3 cluding axially overlapping portions defining 
clamping surfaces opposed radially with respect 
to the wheel axis, bucket members, each includ- 
ing flexible anchor portions disposed between the 
clamping surfaces of said clamping members, 
70 and means for holding said clamping members 
in clamping engagement with said anchor por- 
tions of said buckets, one of said clamping mem- 
bers including a portion which is movable 
ward the other clamping member under the ac- 
7 tion of centrifugal force, thereby to increase the 
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gripplng force on said anchor portion of the 
bucket members when the wheel is rotated. 
11. In a turbîne wheel, a plurality of buckets 
and means defining a main wheel body, said 
buckets being positioned upon said body, means 5 
in said.main wheel body defining a pair of oppo- 
sitely placed continuous annular shoulders, parts 
of said wheel being positioned adjacent each of 
said annular shoulders in aially overlapping 
relation thereto and deflning therewith clamp- 10 
ing surfaces opposed radially with respect te 
the wheel axis, said buckets having pairs of 
oppositely placed anchoring members, said an- 
choring members being disposed between said 
clamping surfaces, the means defining said an- ]5 
nular shoulders being free te move outwardly 
under the action of centrifUgaI force te increase 
pressure on said anchoring members te hold 
them against said shoulders, said anchoring 
members being shaped te bave an abrupt change io 
of direction within the wheel structure and with - 
in the space bounded by said shoulders. 
12. In combination in a turbine wheel, a plu- 
rality of buckets and means for securing them 
together, said means comprising a ring-like 
shouldered member having continuous concentric 
annular surfaces, and means embracing said 
shouldered member and including portions axi- 
ally overlapping said annular surfaces and de- 
fining therewith clamping surfaces opposed radi- ;. 
ally with respect te the wheel axis, said buckets . Number 
being provided with anchoring portions shaped 14,964 
te fit over the periphery of said shouldered mem- 64,805 
ber and between said clamping surfaces, said 369,996 
shouldered member being free te move outwardly  : 383,50{} 
under the influence of centrifugaI force. 

8 
13. The apparatus deseribed in claire 12 where- 
in air passages are provided through said em- 
bracing means and through said shouldered mem- 
ber through which air is free te pass te said 
buckets. 
DAVID P. EASTMAN. 
THEODORE L. SWANSEN. 
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